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EXPEP. IMENTAL INVESTIGATION
2
1
OF AN
INTERURBAN BRIDGE.
I. INTRODUCTION.
Art. I. Object.
This investigation was undertaken with two objects in
view. It was desired primarily to find out what relation existed
between the impact and the static stresses in a bridge subjected
to electric railway traffic, and to investigate to some extent
the distribution of stresses in built up members composed of two
eyebars
.
The objects were to be accomplished by computing the
stresses due to a given loading, and then obtaining the actual
stresses which resulted from that loading, by observations in the
field. It was thought that in this way the computed and actual
stresses could be compared and some definite conclusions drawn
in regard to impact and stress distribution.
Art. 2. The Bridge.
The bridge chosen for experiments is on the main line of
the Illinois Traction System, and is one of the center spans of
a four span bridge
crossing the Sangamon
River at Riverton,
Illinois. The bridge
is shov/n in Fig. I.
The truss tested is an
8 - panel Pratt of 117-
foot span, Fig. I. and is shown

with the sections of its members on Flate I.
3
Art. 3. Impact Tests.
In making impact tests a recording extensometer is placed
on the member and a record is made of the variation of stress in
that member while a load is
moving across the bridge. The
instrument draws a curve that is
similar to the solid curve shown
h in Fig. 2, and when the curve
Fig. 2. has been removed from the inst-
rument, a horozontal line (h-h) is drawn connecting the first and
last points of the curve. This line is the datum line and the
ordinate between it and the highest point of the curve represents
the actual maximum stress in the member. A medial line, shown dotted,
is then drawn and the ordinates to this curve represent the static
stresses S, and should agree with the computed stresses. It will
be seen that the maximum actual stresses exceed the value S by an
amount which is measured by the ordinate I. This ordinate I measure^
the impact and the percentage of impact is equal to I divided by S
and multiplied by one hundred.
Art. 4 Method of Making test»<
The experiments were carried out under very favorable
conditions in some respects as permission was granted through
the courtesy of the Illinois Traction System to test one of their
bridges, and the Railway Department of the University of Illinois
granted the use of their electric test car to be used for loading
throughout the investigation. In this way it was possible to
proceed with work interrupted only by the regular traffic, and
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5and to have the same loading throughout the whole series of tests.
The instruments used in making these tests were of the
form designed by Frof . F. E. Turneare and are shown in position on
an intermediate post in Fig. 3.
These instruments consist essentialy of a case (B) enclos-
ing a clockwork mechanism, which actuates a pair of spools (S)
upon which is wound a strip of paper. The case (B) is clamped to
the member by
clamps (C ) . A
is arranged so
line on the pa-
(R) is attached
and to the lev-
means of a sys-
levers. After
has been fast-
ber any change
the member will
tive position
and (D) , and
length multiplied in magnitude will be indicated by the curve drawn
by the pencilat the end of the arm (A), on the moving paper. The
instruments used were calibrated so that an ordinate of one inch
on the curve represents a unit stress cf twelve thousand pounds
per square inch on the member.
In making the tests with these instruments the members to
be tested were chosen and the instruments placed as indicated in
the tables. A base line of one hundred feet was measured off and
the time which it took to cover the base line taken by a stop
Fig. 3.
Extensometers on ^2^2
means of the
pencil point (P)
that it traces a
per roll. A rod
to the clamps (D)
er arm (A) by
tem of multiplying
the instrument
ened to the mem-
in the length of
change the 1 rela-
of the clamps (C)
the change in
V
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watch and the speed of the car computed in thin way. When the
car came upon the bridge the instruments were started and allowed
to run while the car was upon the span, and the curves which are
reproduced in Plates VII. to XVI. were obtained.
The deflectometer shown in Fig. 4 was used in determining
the deflection at the center of the bridge, and one of the curves
obtained shows that the deflection was very small.
The use of this
satisfactory
reproduce
stream bed and
of the stream
connection to a
instrument, so no
the
weight placed in the
attempt was made to
prevented any
operation of the
the high velocity
curves
.
instrument requires
Fig. 4.
Deflectometer on U4L4

II. STRESSES
7
Art. 5. Loadings.
The leading throughout consisted of the test car which
has a total weight of twenty-eight tons on four axles, the
distribution of the load and the distance between wheels is shown
in Fig. 5,
shows the
bridge,
instances
passed acro-
when the
were in pos-
readings
in some cases
consisted of
and Fig. 6
car on the
In some
regular trains
ss the bridge
instruments
ition, and
were taken,
the train
an interurbanPig. 5.
Load Diagram of Test Car.
car with a parlor car trailer, and in some cases of a single coach
These cars were heavier than the test car and gave,.in rrost cases,
more clearly i —, . . defined curvesWW ill W^- 11
impossiblebut as it was
to obtain the
have been
disregarded
the relation
and computed
Mir-
•J ..o :
[if
loading these
necessarily
in considering
of actual
stresses
.
Fig. 6 .
Test Car on the Bridge

8Art. 6. Computed Stresses.
As it was desired to know what influence the dead load
had upon impact the weight of the bridge was computed and the
dead lead panel concentration determined, after which the dead
lead stresses were computed. These stresses are shown in Fig. 7
but the results of the test have shown that this computation was
unnecessary, there being no impact.
The live load stresses were
-45.2. - 56.3 - 60.0
¥ ft
/ v
Vv °>
\ 1
V S
V 1
\ /
\ /
\ /
/ \
/ \
/ +26.0 + 26.o\ + 45.2 \f+565\
computed by placing the car
diagram, as shown in Fig. 7
in the proper position to
produce a maximum stress in
the member under consideration.
Fig. 7. The computed stresses are
shown in Plate I.
It was, also, desired to know what stress a member would
ordinarily be designed for in order to resist the stresses imposed
by such a leading as the test car, and in order to do this the
impact formula proposed by Mr. C.C.Schneider was used;
I » S ( 50 )
300 + L
7here I - Impact stress in the member.
S - The live load stress in the member caused
by the car at rest.
L = The length of the bridge over which the car
has passed when the maximum stress is produced
in the member.
300 - A constant derived from experiments.
The computed plus the impact stresses, which are shown
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in Plates II. to VI
.
, were determined by adding the impact stress
to the computed stress and dividing the sum by the section area
of the member. The impact stress was calculated from the above
formula. In making this computation the car was assumed to have
ccme upon the bridge from the side of the bridge which would give
the smaller value of L, and hence the maximum value of the impact
which could be computed by means of this formula. This was done
in order that the curve which represents the stress designed for
could be plotted for values which would probably be the ones used
in an actual design.
Art. 7. Actual Stresses.
The actual stresses obtained from the tests were taken
directly from the curves drawn by the instruments. These curves
are reproduced in Plates VII. to XVI. and the values plotted on
Plates II. to VI. were obtained by scaling from these curves
the maximum stress which was fcund to occur in the member under
consideration
.
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The stresses shown in the following tables VII. to XVI.
are the actual stresses which occurred in the member. There no
sign is affixed to the stress the actual stress is of the same
sign as the computed stress in this member, see Flate I.
Then the sign is affixed + (plus) indicates tension and - (minus)
indicates compression.
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Table I. to Accompany Plate VII.
Inst .No.
Test
Number Member
Location of
Inst . on
Member
.
Speed in
Miles
Per Hour.
Stress in
Pounds
Per Sq.In.
2 500 uiLi Inner Bar. 10.0
4 Outer Bar. 10.0 2400
2 501 u iLi Inner Bar. 13.65
A4 Outer Bar. 13 . OO 2,500
2 502 u
i
L
i
Inner Bar. 28.4
4 Outer Bar. co . 4 2500
o2 503 TT TU
1
L
1
Inner Bar. 31.0
4 Outer Bar. 31.0 2300
5 500 UiL2 Inner Bar. 10.0 1750
1 0u«er Bar. 10 . c\ r\ r\900
5 501 U
1
L
2
Inner Bar. 13.65 1500
1 Outer Bar. 13 . oo 700
5 502 U XL2 Inner Bar. 28.4 1750
1 Outer Bar. 28 .
4
r\ r\ f\900
5 503 TT TU1L2 Inner Bar. 31.0 1500
1 Outer Bar. 31.0 600
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Table II To Accompany Plate VIII.
Inst .No. Test No. Member
Location of
Inst, on
Member
.
Speed in
Miles
Fer Hour.
Stress in
Pounds
Per Sq.In.
2 504 Inner Bar. 7.92 500
4 uuter rsar. H Q9/ . x)c, A KA
2 505 L
1
L
2
Inner Bar. 12.15 750
4 Outer Bar. 12.15 1000
2 506 L L
1 2
Inner Bar. 34.1 800
4 uuLer rsar. . J.
2 507 L L
1 2
Inner Bar. 16.0 700
4 Outer Bar. 16.0 500
2 508 L L
1 2
Inner Bar. 17.35 500
4 Outer Bar. 17.35 850
1 504 L
,
L
3 4
Inner Bar. 7.92 1200
5 Outer Bar. 7.92 1200
1 505 L L
3 4
Inner Bar 12.15 1400
5 Outer Bar. 12.15 1500
1 506 L L
3 4
Inner Bar. 34.1 1250
5 Outer Bar. 34.1 1250
1 507 L L
3 4
Inner Bar. 16 .0 750
5 Outer Bar. 16 .0 750
1 508 L L
3 4
Inner Bar. 17.35 1500
5 Outer Bar. 17.35 1250
Note. Tests 507 and 508 braked on bridge.
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Table III to Accompany Flate IX.
Inst .No
.
Test
Number. Member.
Location of
Inst . on
MpmhprillO ill Uw J. *
Speed in
Miles
Ppy> Hmir1 ilU Li J. «
Stress in
Pounds
4 509 L L
1
Inner Bar. 6.55 400
2 509 L
1
L
2
Inner Bar. 6.55 500
5 509 L
2
L
3
Inner Bar. 6.55 1450
iX T TL3L4 IXlZloI Dal •
fi sr lJUU
4 510 L L
1
Inner Bar. 10.62 750
2 510 L1L2 Inner Bar. 10.62 650
5 510 L2L3 Inner Bar. 10.62 1450
1
3 4
X i illw i. JJCli • 10 62
4 511 L L
1
Inner Bar. 18.9 750
2 511 L
1
L
2
Inner Bar. 18.9 600
5 511 L2L3 Inner Bar. 18.9 1500
1 xj -i—
L
^4 18 9 1500
4 512 L
o
L
i
Inner Bar. 34.1 1100
2 511 L1L2 Inner Bar. 34.1 800
5 511 2-^3 Inner Bar. 34.1 1600
1 511 L3 L4 Inner Bar. 34.1 1750
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Table IV. to Accompany Plate X.
Inst .No
.
ICS
Number. Member
.
T o r* ?i 1. 1 nn o f*X- \J O CA u X vll W X
Inst . on
iiiC LI I L> L •
Sneed in
f-> w v> vi. L i i
Miles
Pp-p TTmiT1X w X 11v LXX
St.T*« rr In
Pounds
Ppr> Sn Tn
• i C 1 1 ill •
1 513 U2 L3 Inner Bar. 7.92 1650
5 Outer Bar. 7.92 800
At L 2
L
3
T "n *n p> 7° Rq rxilliCI Dal • 7 92 aoo
O6 wUuC/l Oct.! • 7 92 850
1 514 U2L3 Inner Bar. 13.6 1700
5 Outer Bar. 13.6 .1400
A n'Liu2 lj3 Tnnp
r* Ra T*
.
13 .6 1000
p Dnt p r» Rnr1 13 6 850
1 515 U2L3 Inner Bar. 20.0 1650
5 Outer Bar. 20.0 1300
At TJ • L'U 2
ij3
Tnnp t» Ra "pJ. ill IV/ 1 i_J CA. J. • 20 . 1000
<J Ont pt Ra r> 20.0 1000
1 516 D2L3
Inner Bar. 37.7 1600
5 Outer Bar. 37.7 1300
4 516 Inner Bar. 37.7 1000
3 Outer Bar. 37.7 850

Table V. to Accompany Plate XI.
Inst .No
.
Test
Number. Member.
Location of
Inst , on
Member.
Speed in
Miles
Per Hour.
Stress in
Pounds
Per Sq.In.
1 517 U4L3 Inner Bar. 7.92 -1750 to+1750
4 HH Inner Bar. 7.92 -2500 to+2500
5 U3L4 Inner Bar. 7.92 +1500 to-1500
2 U3L4 Inner Bar 7.92 +800 to -800
1 518 U4L3 Inner Bar. 12.
S
-2250 to+2250
4 U4L3 Inner Bar. 12.6 -2900 to42900
5 U3
L
4
Inner Bar. 12.6 -1250 to+1250
2 U3L4 Inner Bar. 12.6 -1000 toflOOO
1 519 U4L3 Inner Bar. 18.9 -2000 tof2000
4 U4L3 Inner Bar. 18.9 -2750 to+2750
5 U3L4
Inner Bar. 18.9 +1250 to-1250
2 U3L4 Inner Bar. 18.9 +1000 to-1000
1 520 U4L3 Inner Bar. 34.1
-
4 Inner Bar. 34.1 +3000 to-3000
5 U3L4 Inner Bar. 34.
1
-2500 to+2500
2 U3L4 Inner Bar. 34.1 -1000 to+1000
I
I
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Table VI. to Accompany Plate Mil.
Inst .Ko.
Test
Number
.
Member.
Location of
Inst .on
Member.
Tpeed in
Miles
Per Hour.
S tress in
Pounds
Per Sq.Inoh.
4 522 U2 Lo 8.12 -500
1 U3L3
8.12 -500
5 U4L4 8.12 +500
2 U2L3 Inner Bar. 8.12 +1000
4 5~3 U 2L2 12.6 -900
1 U3
L
3
12.6 -400
5 U4 L4 12.6 +70C
2 U2
L
3
Inner Bar. 12.6 + 120C
4 524
is <o
20.0 -50C
1 U3L3 20.0 -25(
5 U4L4
20.0
2 Inner Bar. 20.0 +1200
4 525 U2L2 34.1 -750
1 U3L3
34.1 -250
5 U4
L4
34.1 + 500
2 U2L3 Inner Bar. 34.1 +1000
I.'cte: Instrument on verticals inner flange toward middle of span
about 4 feet above center line of pins.
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Table VII. to Accompany Plate XIII.
Inst .No
.
m O Q +
Number. Member. Inst, on
Member.
^ r\tocH ~\ m^pccu in
Miles
Per Hour.
oLress m
Pounds
Per Sq.Inch.
4 526 See Note. 9.2 -h 250
1 See Note . 9.2 + 100
5 U4L4 See Note. 9.2 +600
2 TT 1 T 1U2L3 Inner Bar. 9.2 + 600
4 527 U2L2 See Note. 12.4 + 500
1 See Note. 12.4 + 100
5 U414 See Note. 12.4 + 250
o
c
TtlT 1U
3
L
3
Inner Bar. 12 .
4
+ 750
4 528 u24 See Note . 21.3
1 °3L3 See Note. 21.3 + 500
5 See Note. 21.3 + 300
oc
TT t T 1U2 L3 Inner Bar. cL . 3 + 900
4 529 uiL2 See Note. 34.1
1 TTlT 1U3
-3
See Note. 34.1
5 U4L4 See Note. 34.1 + 250
2 Inner Bar. 34.1 + 330
Note: Instruments on verticals fastened to inner flange toward
middle of span about 4 feet above center line of pins.
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Table VIII. to Accompany Plate XIV.
Inst .No.
Test
Number. Member
.
Location of
Inst . on
Member
.
Speed in
Miles
Per Hour.
Stress in
Pounds
Per Sq.Inch.
4 532 L U 1 Inner Top
Flange
.
9.75
2 532 Outer Top
Flange
.
9.75
5 532 l
o
u i
Inner Lower
Flange 9.75 -250
1 532 L U 1 Outer LowerFlange 9.75. -500
4 533
1
Inner Top
Flange 11.75
2 533 L U 1<J J- Outer Top
Flange 11.75
5 533 L U1 Inner Lower
r lange 11 7^1 L . / O
1 533 L U1 Outer LowerFlange 11.75 -500
4 534 L U 1 Inner Top
Flange 20.0
2 534 L U 1U i. Outer Top
Flange 20.0
5 534 L U 1 Inner Lower
Flange
.
20.0 -250
1 534 L Ux Outer Lower
Flange 20.0 -300
4
2
5
535
535
535
L U 1
L U 1
1
Inner Top
Flange
Outer Top
Flange
Inner Lov/er
Flange
34.1
34.1
34.1
-200
-200
-250
1 535 Cuter Lower
Flange 34.1 -600

24
Table IX. to Accompany Plate XV.
Inst .No
.
Test
Number. Member.
Location of
Inst . on
Member
.
Speed in
Miles
Per Hour.
Stress in
Pounds
Per Sq Inch.
1 536 U2 L2 Inner Flange 9.1 -1000
4 536 U2L2 Outer Flange 9.1 - 900
5 536 U2 L2 Inner Flange 9.1 - 75
2 536 U2 L2 Outer Flange 9 .
1
f 500
1 537 U2 L2 Inner Flange 11.75 -1400
4 537 U2 L2 Outer Flange 11.75 - 900
5 537 U2L2 Inner Flange 11.75 - 700
2 537 U2 L2 Outer Flange 11.75 - 250
1 538 U2 L2 Inner Flange 20.0
-1200
4 538 U2 L2 Outer Flange 20.0 - 800
5 538 U2 L2 Inner Flange 20.0 - 900
2 538 U2 L2 Outer Flange 20 .0
AAA
- 200
1 539 U2 L2 Inner Flange 34.1 -1300
4 539 U2L2 Outer Flange 34.1
- 700
5 539 U2 L2 Inner Flange 34.1 - 750
2 539 U2L2 Outer Flange 34.1 - 350
Note: Instruments 1 and 4 on side of member toward left reaction.
Instruments 2 and 5 on side of member toward center of span.
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Table X. to Accompany Plate XVI.
Inst .No.
Test
Number. Member.
Location of
Inst . on
Member.
Speed in
Miles
Per Hour.
Stress in
Pounds
Per Sq . Inch.
o
e TT^TT —U2U3 upper uui/biuc
Flange
.
8.02 -500
4 542 U2U3
Upper Inside
Flange 8.02 -500
c RAP T « TL1L2
R 09 Tlw U v>
oC TT TT TT t-\ o >"> Hnt e ? H dUJjpcI VJ Li lr o J. LiC
Flange. 11.75 -500
4 543 U2U3 Upper
Inside
Flange
.
11.75 -500
co 11 75 +750
o TT^TT TTrino v> Hnf c 1 H oUppcX ULlUolUC
Flange 19.5 -750
4 544 U2U3 Upper InsideFlange 19.5 -500
D Off T • T o 1 Q 5 +1500
o4o TT TTU2U3 upper uuLsiae
Flange 32.5 -750
4 ~ t-/ U U„u 2 3
Tjnner Inside
Flange 32.5 -500
5 545 qL2 32.5 +1250

III. COMPARISON OF STRESSES.
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Art. 8. Compression Members.
The only chord member tested which was a compression
member was U2TJ3, and Plate II. shows that the actual stress
recorded in this member coincides almost exactly with the computed
stress, and lies far below the computed plus the impact curve.
The curves of the series of tests 542 to 545, Plate XVI., and
the corresponding values in Table X. show that the stress in the
outer upper, and inner upper flanges were very nearly alike.
The results of the tests on the intermediate posts of
both trusses are plotted on Plate IV. , and here again it is seen
that the actual stresses in no case exceeded much more than
seventy- five per cent of the computed; but the curves show that
while the members U3L3 were about equaly stresses in both trusses
U2L2 took more stress than U0L2
,
and and the stress in U4L4
exceeded the stress in U4L4 by about fifty percent.
The remainder of the tests on compression members were
devoted to investigations to determine the distribution of stress
in the parts of the member itself. The first tests are those
shown on Plate V. and were taken from the series of curves 536 to
539, Plate XV., corresponding to the values of table IX. These
results show that the stress in no case exceeded the computed
plus the impact stress but the stress in one of the inner flanges
was considerably greater than the computed stress alone. This
plate also shows that the flange diagonally opposite to the
flange carrying the maximum stress carried the minimum, and the
other two flanges were stressed about equally.
A similar series of tests, 532 to 535, Plate XIV.,
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Table VIII., show the distribution of the stresses in the end
post LqU]_, and the results of this series are plotted on Plate VI.
In this case three of the flanges were stressed about equally,
but the stress in the lower outer flange was found to be more
than one-hundred per cent in excess of the other three. The
maximum stress was well under the computed stress however, and
it was evident that the loading was no where near sufficient to
stress the member up to the safe allowable limit.
Art. 9. Tension Members.
Plate III. consists of the curves which are the results
of the tests on the web tension members. The curves are plotted
from the maximum stresses which were obtained from any one of
the numerous tests and consequently no reference can be given to
the exact table from which any one value was taken. It will be
seen that there is a great variation in the amount of stress
taken by the tension members of the two trusses, and also in many
cf the members the actual stress exceeds the computed stress by
a considerable amount. Particular notice should be taken of the
fact that while in most cases the computed plus the impact curve
is well above the actual curve, in the case of the vertical U]_L]_
and the counter U4L3 the actual stress exceeds the computed plus
the impact stress. This is easily explained in the case of the
hip-vertical because the values in Table I. siow that one of the
eye-bars of this member received no stress at all. In the case of
the counter however, it is not apparent why the actual stress is
so much in excess of the computed value.
A series of tests 509-512, Table III., Plate IX., were
made with the instruments on the lower chord members and the
results of these tests are found on Plate II. The actual unit

stresses were found to be less than the computed plus the impact
stresses in all cases, and it was found that only in the case of
the two members nearest the center of the span the actual stress
Fig. 8. Fig. 9.
Instrument on Diagonal. Instrument on Lower Chord.
was greater than the computed alone. Farticular attention is called
to the members L^I^ and L2L3 as ^ wm be noticed that the
computed stress is about as much in excess in one as it is
deficient in the other of these members.
Tests reproduced in Plate VIII. and tabulated in Table II.
show that the stress in the outer bar of L 1L2 exceeded that in
the inner bar by about twenty percent, but the same test indicated
that the two bars of L
3
^
4
were equally stressed. Neither member
received any additional stress when the car was braked on
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the bridge. ( Zee tests 507 and 508.)
Fig. 6, and Fig. 9, show the instrument in position om
a diagonal and cn one of the members of the lower chord.
Art. 10. Lateral Bracing.
Plate XVI. shows the curves obtained with the instrument
on the
system.
These curves
lateral sys-
to comparat-
stresses
is excessive
The values
these curves
lower lateral
(Member Lj_L2 ) .
show that the
tern is subject
ively high
and that there
vibration,
scaled from
are to be
Fig. 10.
Instrument on Member ^±^2 •
found in Table X. Fig. 10 is a picture of one of the floor beams
showing the instrument on one of the members of the lateral system.
J
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IV. CONCLUSIONS.
Art. 11. Amount of Impact.
A study of the results of this investigation fail to show
any evidence of impact, and except in the case of the lower lateral
system the curves obtained were smooth with only occasional
variations due to instrumental vibration.
In nearly every case the impact formula used gave values
far in excess of any stress obtained, and it is concluded that any
such formula is not applicable to electric railway bridges as the
impact stresses which would occur even under the heaviest loading
to which they are subjected would be negligible.
Art. 12. Computed and Actual Stresses.
It was found that there is not a close agreement between
computed and actual stresses, but in most cases the error is on
the side of safty as there seems to be a more wide distribution
of stress than is assumed in the computation. This is probably
due to the stiffening effect of the floor system.
It was also found that the parts of the members do not
ac together. In this case the actual stresses were excessive and
were probably due to faulty workmanship and erection. The
investigation also indicated that the trusses did not act together.
No effect was noticed when the car was braked on the bridge.
Art. 13. Effect of Speed.
In nearly every case the tests prove that there is no
change in stress due to increased speed. This supports the theory
with reference to the added stress caused by speed, there being
no extra stress caused by the train following the concavity of

31
the track which results from the deflection of tne bridge.
Art. 14. Effect of '.".'eight.
The fact that no impact stress exists prevents the drawing
of any conclusion in regard to the effect of the weight of the
structure upon impact.
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